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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a suitable thermoelectric conversion material having sufficiently 
high thermoelectric conversion efficiency, having small toxicity and further having a high content of 
constituent elements, and further to provide a method for producing a composite oxide sintered body. 
SOLUTION: This thermoelectric conversion material comprises a composite oxide sintered body having a 
composition represented by the formulas Bi2 Sr2-xCaxCo20w, Bi2Sr2-xBaxCo20w, Bi2Sr2-xPbxCo20w, 
Bi2Ca2-xBaxCo20w, Bi2 Ca2-xPbxCo20w, Bi2Ba2-xPbxCo20w, Bi2-yPbySr2Co20w, Bi2- 
yPbyCa2Co20w, Bi2-yPbyBa2Co20w, Bi2Sr2-zLazCo20w, and Bi2Ca2-zLazCo20w (0.0<x<2.0; 0.0<y<0.5; 
0.0<z<0.5), a laminar crystal structure and >1.0x 104 S/m electroconductivity, as an active ingredient. The 
production method of the composite oxide sintered body is also provided. 
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cm 2 ) 


jfe fa ^ fa 

8 4 0 "c-ccDHwaaftw) 


(a,700°C, 
10 4 S/m) 


ZT 
(700°C) 


1 7 


0.5 


0.18 


900°C, 30^, 5°C/hr» 6ftr^ 


2.5 


0. 30 


1 8 


1.0 


0. 18 


900°C, 30^, 5°C/hr, 6ft^ 


2.0 


0.19 


1 9 


1.5 


0.18 


880°C, 30#, 5°C/hr, 6ft^ 


2.4 


0. 26 



[0056] mmm 20—25 



50 ■mm.m^y.imnwMmm.^, *4t*sn««tc^^ 



13 



(7) 



WfPlg 3 0 8 9 3 0 1^ 

14 



fc _fci\ MMM 1 LT, — l&S B i 2 C a 2-x 

BaxCozO. (4) (S^ x = 0, 0. 

5. 1. OXttl. ) T„;*tl5*5SBj§<D?f 

£__tt_*&{**f»;fe. 

[0 0 5 7] TSB_ 4 (C, _„M 2 0-2 5 Offifig (— 

_s£ (4) tcfettSx^fit) % -„#ft©;bq_©_ 



#88#s<OJt Z T_ 
[0 0 5 8] 
»4] 



}££|1__, 8 

) _tf_ _g 



a 4 







EE* 


$E JEj£ ^ fji 




ZT 




(x) 


(kg/ 






(700^ > 






cm 2 ) 


8 4 0 °CT'©^ai^K) 


10 4 S/m) 




2 0 


0 


0. 18 


940X, 30#, 5°C/hr, 68#H 


3.0 


0. 40 


2 1 


0 


0. 18 


920^, 30#, 5°C/hr, mm 


2.8 


0. 38 


2 2 


0 


0.18 


900^. 30£% 5°C/hr, 61$ N 


2.8 


0. 38 


2 3 


0.5 


0. 18 


900°C, 30#, 5°C/hr, mm 


2.6 


0. 37 


2 4 


1.0 


0.18 


940^, 30#, 5°C/hr, mm 


2.4 


0. 28 


2 5 


1.5 


0.18 


940°C, 30#, 5°C/hr, mm 


2.8 


0. 35 



[0 0 5 9] mMM2 6-2 8 IRjS (5) KfcttS x ©gMBD , — (fcif fooinl±cD_ 
'M^#Xtt_f_^l_£_, g5K^n8«KS* fti&fcft (fflKHSMHA. iSMftHk ^£P_JS, 8 

fcfa«> mmm 1 traaHcL-r, — hss b i 2 c a2 .x 4 ov-^com^mm) , m^Bms. (0) st>'^«^ 

PbxCo2 0w (5) (xW> x = 0. 5s S_J^__T?*3ZT„_;SL_o 

1. OXttl. 5^-To ) ^_Sn«#_l8©__S! 20 [0 0 6 1] 

ft:w«a»flc«»fco as] 

[0 0 6 0] TESS^ H_M2 6-2 8 <D_fi!c (- 

81 5 





(X) 


£E* 
(kg/ 
cm 2 ) 


f& $k w 

8 4 Ot-CCMW) 


(o\700°C, 
10 4 S/m) 


ZT 
(700°C) 


2 6 


0.5 


0. 18 


900°C, 30#, 5°C/hr, mm 


3.0 


0. 35 


2 7 


1.0 


0. 18 


900°C, 30#, 5*€/hr, mm 


2.5 


0. 23 


2 8 


1.5 


0. 18 


880°C, 30#% S'C/hr, BI^Kf 


2.8 


0. 30 



[0 0 6 2] S_#IJ 29 — 37 
j&8*#Xtt„_g**_j«_, „6f£:^_ns«lk:_* 
fc_tt, 1 tmmiCLX, — IfcS B i 2 B a 2-x 

PbxCo 2 Ow (6) x = 0 s 0. 

5, 1. 0, 1. 5Xtt2. 0_jjVf o ) 

BW©_3fl____S#%»feo 

[0 0 6 3] TIES 6 fc, *_<?!J 2 9-3 7 (— 



ASS (6) tetJttSxfDjRffi) . — tt#|fc©__©_ 
*K *&_feff (ffi^___, _g*B#^, JfcWilfi, 8 



4 OtTiDMWFI) 



t^e*fi (o) &t5»a«_ 



[0 0 6 4] 

Bt6J 



„ 6 



sum 


(x) 


(kg/ 
cm 2 ) 


& # 

i_ft\ 8 4 0°CT'©f&&_!B£ff9) 


(a,700°C, 
10 4 S/m) 


ZT 
(700°C) 


2 9 


0 


0. 18 


940°C, 30#, 5°C/hr, mm 


2.9 


0. 35 


3 0 


0 


0.18 


920°C, 30#, 5°C/hr, 


2.8 


0. 35 


3 1 


0 


0. 18 


900°C, 30x>, 5°C/hr. 6B#Pi9 


3.0 


0.36 


3 2 


0.5 


0. 18 


900°C, 30#, 5 6 C/hr, mm 


2.7 


0. 31 


3 3 


1.0 


0.18 


900°C, 30#, 5°C/hr, mm 


2. 1 


0.20 | 


3 4 


1.5 


0. 18 


880°C, 30£% 5°C/hr, mm 


2.3 


0.30 ! 


3 5 


2.0 


0. 18 


880°C, 30£h 5°C/hr, 6NpN 


2.5 


0. 32 


3 6 


2.0 


0. 18 


880°C, 30#, 5°C/hr» mm 


2.4 


0. 31 


3 7 


2.0 


0. 18 


880°C, 30£% 5°C/hr, mm 


2.7 


0. 33 



[0 0 6 5] H_#iJ 38 — 40 
«W_^X«tBfH««j_«*, * 7 ic^fiZMlcWix. 

fcfifitt, H«l _|WI«(CLT, -figs B i 2-y P by 

SrzCozO, (7) (xW, y = 0. K 

o. 2Xtto. 5 _^-r 0 ) -esjn**^©!^ 



50 



[0 0 6 6] TIBS7tC, 8-4 0 cDfifiic (— 

IftsS (7) Kfettsyostffi) , -W^i&]<r)ira_(D_ 
_j_feff (SP«-_ltt__, „_^Ms 8 

4 O^CTCOMSBtP^) , «MfHa»fi (o) _tf_«_ 



15 



(8) 



#ffgf 3 0 8 9 3 0 1^- 

16 



w&hmvmmT'&z z t m ^ l fee k 7 ] 

[0 0 6 7] 

g 7 



mmm 


(y) 


J9E* 
(kg/ 
cm 2 ) 


$E ^ ^ 


(<7,700°C, 
10 4 S/m) 


ZT 
(700-C) 


3 8 


0.1 


0. 18 


920°C, 303% 5X)/hr, 6B£fHI 


2.9 


0. 35 


3 9 


0.2 


0. 18 


920°C, 30#, 5°C/hr, mm 


2.5 


0. 32 


4 0 


0.5 


0. 18 


900°C, 30#, 5°C/hr, mm 


2.2 


0. 30 



10 



coo68] mmm 41-43 

fcfffiWU *fi_M 1 t|BI«tCbTs —USS B 1 2-y P b y 

Ca 2 Co 2 Ow (8) (S^K y = 0. K 

0. 2X1*0. 5^-r„ ) T?g?n«*»WOjS^S 
fktM0&f**#fc. 



ftS (8) fc^ttSyOSWD , — *^|&|©SnEE _ 

^figjfeff (fl£H8M__& JSBWM^ «8PiS£, 8 
4 0 1C"^©*!UMIWI«D > «SCe*fi (a) 

[0 0 7 0] 
[«8] 



[0069] Tiea 8 K 



14 1—43 colijjg (— 



m s 





(y) 


(kg/ 
cm 2 ) 


ffc £fc $L 

8 4o , t?©^i^B) 


(ct,700°C, 
10 4 S/m) 


ZT 

(700°C) 


4 1 j 


0.1 


0. 18 


92 OX), 30£% 5°C/hi\ 61$ HQ 


2.6 


0. 30 


4 2 


0.2 


0. 18 


92o°c t 3o#. 5°c/h r> mm 


2.3 


0. 28 


4 3 


0.5 


0. 18 


900°C, 30#. 5°C/hr, mm 


2. 1 


0. 25 



[0 0 7 1] Mmm 4 4-4 6 «KO) K*W*yO»ffl) , -ftte|p]<Dia_©I± 

fcffitt, Wil ^|p)«(cLT, — jfisS B i 2-y P b y 4 0°C-ecO^ffiIiH#H) > *£C£«S (o) Stfll^ 

BazCoiO, (9) Gftp^ y =0. K ^©f|gt'S5 Z TjlfeSbft, 

0. 2Xt±0. 5*^-To ) T^^n^*f8gMO«^ [0 0 7 3] 

fMMs*§f**»fco [*9] 

[0 0 7 2] TIE* 9 *jf@{?IJ 4 4-4 6 ©!__£ (- 30 

m 9 





(y) 


EEj3 
(kg/ 
cm 2 ) 


$E jt£ ^ f£ 

j__it. 8 4 0tTO»ftira) 


(tf,700°C, 
10 4 S/m) 


ZT 
(700X) 


4 4 


0.1 


0. 18 


920°C, 30:53% 5°C/hr, 6&#fl5 


2.5 


0. 27 


4 5 


0.2 


0. 18 


920°C, 30#, 5°C/hr, mm 


2.1 


0. 26 


4 6 


0.5 


0. 18 


900°C, 30#, 5°C/hr, 


2.4 


0. 28 



[0074] mmm 47 — 54 

*fc_fi, *fi_M l i:IU«^LT, -fteS B 1 2 S r 
2- z LazCo2 0» (10) (i^ z = 0. 40 

k 0. 2xao. ) vm^ti^mncow. 

[0 0 7 5] Tie* 1 0 fc, *_0ij 4 7-5 4 ©_«£ 



C-HRS (10) fcfctf«z©f*_) , -ffi^ftfiDME 
fi, 8 4 0°CT©^_B#W) , (o) fttf 

[0 0 7 6] 

Hi 0] 



50 



(9) 



3 0 8 9 3 0 1 



17 



18 



1 0 





f V ^ 

V Z J 


rr -»-t 

cm 2 ) 


.Mr r-fT ^42 ItU 

'm mu 3fc rr 
8 4 0 ^T'OfSMMI^) 


10 4 S/in) 


Z T 
WUU J 


4 7 


0.1 


0. 18 


940X, 30#, b°C/hr t mm 


2.9 


0. 37 


4 8 


0.1 


0.18 


920°c ( 3o#, 5°c/hr. mm 


2.8 


0. 38 


4 9 


0.1 


0. 18 


900°C, 30#, 5°C/hr, mm 


3.0 


0. 40 


5 0 


0.2 


0. 18 


940<C, 30#, 5°C/hr, mm 


2.5 


0. 33 


5 1 


0.2 


0. 18 


920°C, 30#, 5°C/hr, mm 


2.6 


0. 35 


5 2 


0.2 


0. 18 


900^, 30#, 5°C/hr, 61$ M 


2.6 


0. 35 


5 3 


0.5 


0. 18 


920^, 30fl% 5*C/hr, mm 


2. 1 


0. 25 


5 4 


0.5 


0.18 


900°C, 30£% 5°C/hr, mm 


2.2 


0. 28 



10 



[0 0 7 7] 55 — 62 

ttmit, mmrn i tmmicvz, -ma. b 1 2 c a 

2-z LajCozO. (11) (iS 1 ^ z = 0. 

k o. 2xao. 5^-To ) -e*^ni.*^Hj!co?i 



[0 0 7 8] TIBS 1 1 



(-ks (i i ) icistfzz (Dmim . -mjjfacoi]u& 
8 4 ovx'<omsmmm) > tieia (o) &t? 

[0 0 7 9] 



5 5 — 6 2 CQlSfig 



1 1 





(z) 


(kg/ 
cm 2 ) 


M %. *Pr 

mm. 8 4 0 °cx-(Dmmm^m) 


(<r,700r, 
10 4 S/m) 


ZT 
(700°C) 


5 5 


0.1 


0. 18 


940°C, 30#, 5°C/hr, mm 


2.7 


0.34 


5 6 


0.1 


0. 18 


920°C, 30#, 5<C/hr, mm 


2.8 


0. 36 


5 7 


0.1 


0. 18 


900^, 30#, 5X)/hi\ mm 


3.0 


0. 36 


5 8 


0.2 


0.18 


uo°c, 30#, 5°c/hr, mm 


2.5 


0. 30 


5 9 


0.2 


0.18 


920°C, 30#, 5°C/hr, mm 


2.6 


0. 32 


6 0 


0.2 


0. 18 


900^, 30#, 5°C/hr, mm 


2. 5 


0.31 


6 1 


0.5 


0. 18 


920°C, 30#, 5°C/hr, mm 


2.2 


0. 24 


6 2 


0.5 


0.18 


900U 30#, 5°C/hr, mm 


2.4 


0. 26 



[0 0 8 0] mWURZ?2 

1 9 9 9$3fl28B (ft) jSfflWi^^fT. $4 6 

[0 0 8 1] B i : S r : C o = 1 . 0 0 : 1 . 

0 0 : 1 . 0 0 tftZMt,^ B i ffl&m* S ri&mUR 

mm.p^m^r, t* 8 o o °c, 1 ommftttit 

U »tt, M^*«:f#fc 0 C©«»*^1 3 0 



8 4ot, 6 ommffif&Lrco 

[0 0 8 2] ^<LT, S B i 2 S rzC oaCXtiS 
30 B i 2 S r 2 C o Ow T*?n§i:b$SfflO^-&^fb^ 

[0 0 8 3] TaSS 12t, JzbfS^iJ 1 &tf 2 ©ffifig, & 

aae, mm) > sscess (o) 

[0 0 8 4] 
[«1 2] 



g 1 2 







mm. &m 


(<7,700°C, 
10 4 S/m) 


ZT 
(700°C) 


i 


Bi 2 Sr 2 Co 2 0w 


840°C, 60Bf® 


0. 50 


0. 13 


2 


BizSr 2 Co0w 


840°C, 60I^fK 


0.10 


0. 001 



[0 0 8 5] ±gE#*fiSWc^£tl3jitU ffatlfc* 

(o) 

<DMM$\-e2. 0 x l 0 4 S/m^rjSx^.iffiV^it'^fec. 

[0 0 8 6] ^/c, #HS6S«|<D*58M«SIS(*:0 7 0 0 °C 
(Cfe^§ZT«, 0. 19 — 0. 4 0 T°$> »3 , tfctSM 1 



[0 0 8 7] 

mm<D$h%3 *«WfcJ:n«, MIB-«g^ (l) - 
(ll) T-g?ti§iM^tU e«©«Sffi«iS*W 
L, M02. Ox 1 0" S/mCU:Oiav>*«g*fi* 



(10) 



WffFfg 3 0 8 9 3 0 1^ 



19 



20 



■eojft«E»«»fcLTojsfflfeBrfig'i?**o fSoT, 



[Hi] aid mti 
mmr><#—> (a) 



i09 1 <Dm.^m.itmmm(omMx 

> (b) fcjj^-feOTf&So 
[0 2] 0 2 HfiSffl 1 ©«^BWfc1*^f*:K:*5ttS 

tazm^mcr)isusm<Dxmmm^^—y (a) twa© 
x^tu^^-^ (b) , &zfitmm i ©a^tfcftai 

Effif/**-:/ (c) fc«B5©X«|§lSr**--l' (d) * 
jSTfc©T?&3 0 
[0 3] 0 3«\ *^W©M-&SWbftl«Biefl:©»«©*S 

[14] 0 4 tt, HM?iJ 1 ©*^K{tft*S*S#:©in£EM 



[0 5] h 5 1±, nsffiw i Rzftmm i <D&tiL&m.{tm 

m£W<D 1 0 0—7 0 0°Cfc:43W-S-tf— ^$C©S 

[0 6] H6tt, *»j i Rtf tmm i ©*«^fb«9 



[0 7] @7(t 



1 Rtf tfcRffd 1 ©^SC^ggft^ 



IWffl 

[ft?r*#S] WT©g~ Sg5£ B i 2 S r 2-x C a x C o 2 
Ow, B 12 S r2-x B a,C 02 Ow, B i2 S r2-x P bx 
C02O., Bl2Ca2-xBaxCo20w, Bi2Ca2-x 
PbxCo2 0» N B izB az-i PbxCozO., B i 2- y 

PbySr2C02 0w, B i 2-y P by C 32 C 02 Ow, B 

i2- y PbyBajCoiO., Bi2Sr2-zLazCo2 0w 
B i 2 C a 2- 2 L a z C o 2 O w 0 . 0 ^ x 

20 ^ 2 . 0, 0. O^y^O. 5, 0. 0 < z ^ 0 . 5, 

U loi. 0X1 0< S /mftUiO««e«ft*^-r 

« c t fc -r § ffi^awfc«s*ae*k ^-©tei^s; 



[01] 



[02] 



CO 

1 





(a) 

La_A-^_ M-A^ . 


jlJL jlA 


(b) 



10 20 30 40 50 60 
2 0/deg(Cu-K a ) 



f 



1 1 


(a) 

^ - A a A k 


A ~> / W 


(b) 
(c) 




(d) 

V^^-n-j — ~^v/ifWr 



20 30 40 50 

2 0/deg(Cu-K a ) 



60 



(11) 



#ff m 3 0 8 9 3 0 1 



[03] 



M4] 



« Bi,Pb 

@ Sr, Ca, Ba, Pb, La 
• Co 



I 

^ 




0 100 200 300 400 500 600 700 800~ 

I 



1031 1 1 u 



0 100 200 300 400 500 600 700 800 



(12) 



m 3 0 8 9 3 0 1^ 
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